Although early natural menopause has been postulated to increase stroke risk, studies have not produced convincing results. We examined the associations between stroke risks and age at natural menopause or time since natural menopause. 5,731 naturally postmenopausal women more than 65 yr of age were followed from 1993 to 1998. Information on age at menopause and risk factors were obtained using mailed questionnaires. 186 cases of stroke occurred over a total 27,936 personyears. After adjusting for age, hypertension, and physical activity, age at menopause was not found to be significantly associated with stroke or cerebral infarction. However, adjusted relative risks (aRRs) showed a significant increasing tendency of hemorrhagic stroke versus age at menopause (aRRs, 0.66, 0.48, 1.00 and 2.33 for the following age groups at menopause; 40-44, 45-49, 50-54 [reference group], and ≥55 yr). Time since menopause (11-20, 21-30, and ≥31 yr) was not found to be significantly associated with cerebral infarction, or hemorrhagic stroke. Late menopause (menopause age ≥55 yr) showed a tendency of a lower risk of cerebral infarction (aRR, 0.79) and a higher risk of hemorrhagic stroke (aRR, 2.33). Further study is warranted to determine stroke risk in women during the decade following menopause.
INTRODUCTION
The incidence of stroke is generally higher in men than in women, but this difference decreases above age 65 (1) . Premenopausal women seem to be protected against cardiovascular morbidity and mortality as compared with postmenopausal women of a similar age (2, 3) . The loss of ovarian function and the subsequent endogenous estrogen deficiency have been suggested to increase the risk of cardiovascular disease and death after menopause (4, 5) . Moreover, if endogenous estrogen protects against stroke, an early menopause might incur a higher risk, because of a lower exposure to estrogen. However, evidence supporting this hypothesis is inconclusive (6) (7) (8) (9) (10) , and most studies have limitations.
An 18-yr study of 35,616 naturally postmenopausal women, age at natural menopause was not found to be significantly associated with ischemic or hemorrhagic stroke (6) . Other studies that reported an insignificant association between age at menopause and severe stroke leading to death investigated mortality risk due to stroke, and not the total risk of incidental stroke (7, 8) . These studies also investigated the mortality risk of stroke by combining ischemic and hemorrhagic stroke, and did not investigate them separately (7, 8) .
However, in a 20-yr study of 12,115 women, an early menopause was found to be significantly associated with a higher risk of cardiovascular death (9) , but the study was designed to investigate the association between age at menopause and total cardiovascular mortality, which included stroke and coronary heart disease as a single entity. The study found that women with a late menopause had significantly less atherosclerosis of the carotid artery than women with an early menopause, but was limited, because women with a natural menopause and women with an artificial menopause due to surgery were not segregated (10) . Moreover, sex hormone concentrations in postmenopausal women seem to decrease with time since menopause (11) . However, no study has been conducted on the association between time since menopause and stroke.
Stroke occurs more frequently among Asians and Blacks than among Caucasians (1, 12, 13) . However, to the best of our knowledge, the association between age at menopause and stroke has not yet been studied in Asian countries. Thus, the aim of this study was to examine the association between age at menopause or time since menopause and the risk of stroke in Korean elderly women that had experienced a natural menopause.
MATERIALS AND METHODS

Subjects and assessment of risk factors
The Korean Elderly Pharmacoepidemiologic Cohort (KEPEC) was a dynamic cohort that consisted of 46,113 beneficiaries of the Korean Medical Insurance Corporation (KMIC) between 1993 and 1998. The subjects were the parents of school teachers or government employees in Busan, Korea, and were aged 65 yr or more (14) . The total number of women registered by the KEPEC was 28,883, and 9,573 of these responded to a baseline survey instigated via a mailed questionnaire, and provided written consent. In addition, 6,468 women reported age at menopause on the questionnaire survey.
The baseline survey self-administered questionnaire had been previously evaluated and found to have good validity medical history, smoking (never, ex-smoker, current-smoker), alcohol consumption (never, ex-drinker, current-drinker), weight, height, salt diet (low, medium, high), physical activity (frequency of climbing stairs above ten; rare, sometimes, often), parity, age at first birth, age at last birth, breast feeding, history of hysterectomy or ovariectomy, and use of postmenopausal hormones. In a validation study using a subsample of the KEPEC, the reliability coefficients of age at menopause were 0.99 for self-self response and 0.60-0.80 for selfproxy response (15) .
Data on 93 women with stroke at baseline, on 24 women not regarded as reliable with respect to reported age at menopause, and on 95 women who used postmenopausal hormones were excluded (no case of stroke occurred in this latter group during the follow-up period). Finally, the data of 525 women who had undergone hysterectomy or ovariectomy were also excluded, because we could not confirm whether these were the causes of menopause. The remaining 5,731 naturally postmenopausal women of more than 65 yr of age were composed our study subjects. All of the study subjects had experience of breast-feeding. We should add that the proportion of women with a biological age of ≥80 was larger in the 23, 152 women not included in the present analysis than in the 5,731 women included (10.9% vs. 6.6%).
Ascertainment of stroke
Potential incident cases of stroke that occurred between 1 January 1993 and 31 December 1998 were identified from; claim data at medical care institutions in Busan, mortality data from the Korean National Statistical Office (KNSO), and from women who reported having experienced a stroke during this follow-up period on the questionnaire.
Subjects admitted at hospitals with a diagnosis of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 430-434, 436-438 between 1993 and the first half of 1995, or ICD-10/I60-I69 between the latter half of 1995 and 1998, were screened from the claims data.
Trained medical students visited the hospitals at which potential cases were admitted to review and abstract medical records using a standard abstracting form. Two neurologists reviewed the abstract forms blindly. Ninety-two cases were designated as confirmed cases based on their fulfilling at least one of the symptoms detailed by the World Health Organization (WHO), i.e., as rapidly developing signs of focal (or global) disturbance of cerebral function (lasting longer than 24 hr or leading to death) without apparent cause other than a vascular origin (16) , ICD-9-CM 430-434, 436-438 or ICD-10/ I60-I69 on discharge summary, or a brain CT or MRI finding of acute stroke. We included spontaneous subarachnoid hemorrhage, but excluded subdural and extradural hematomas and transient ischemic attacks.
During the period 1993 to 1998, six deaths due to a diagnosis of ICD-9-CM 430-434, 436-438 or ICD-10/I60-I69 were found among mortality data from KNSO. Seventy-three women reported having experienced a stroke during the follow-up period on the questionnaire. In addition to these, 15 cases, for which no medical records were available, but who were admitted with a diagnosis of stroke on claims data, were designated as probable cases.
All cases confirmed by reviewing medical records and probable cases were included in the data analysis, because when we excluded probable cases we obtained near identical results (data not shown). All cases were classified as cerebral infarction, hemorrhagic stroke, or stroke of an unclassified type according to neuroimaging findings, ICD-9-CM or ICD-10.
Statistical analysis
Age at menopause was categorized into 5 groups (i.e., <40, 40-44, 45-49, 50-54 [reference group], ≥55 yr) (6, 7), and time since menopause was categorized into 3 groups (i.e., 11-20 [reference group], 21-30, ≥31 yr). Ninety-three women with a time since menopause of ≤10 yr were excluded from the analysis. The risk of stroke for those ≤10 yr since menopause could not be assessed, because women who experienced natural menopause at an average age and stroke before age 65 were excluded from the present study. The starting point of the follow-up period was the latest date among the date on which any subject reached 65 yr old, the date of becoming a beneficiary of the KMIC in Busan, or 1 January 1993. The end point was the earliest date among the onset date of stroke, the date of death, or 31 December 1998.
Differences in the proportions of potential confounders by age at menopause were assessed using the chi-square test. Crude relative risk (cRR) of all strokes was computed as the rate in a specific category divided by that in the reference category of each potential confounder. Confounders that were differently distributed at p<0.1 and had a significantly high cRR of stroke at p<0.05, were included in the multivariate analysis using Cox's proportional hazard model to examine the association between age at menopause or time since me-nopause and stroke. We also considered age at menopause as a continuous variable and estimated the adjusted RRs (aRRs) of stroke for each 1-yr increase.
Differences in times between menopause and the onset of any stroke or cerebral infarction for the age at menopause groups were assessed by ANOVA. Difference in times between menopause and the onset of hemorrhagic stroke among these same groups was assessed using the Kruskal-Wallis test.
RESULTS
The mean age of the 5,731 study subject at the time of enrollment was 69.8±5.5 yr, and their mean age at natural menopause was 49.6±4.6 yr. History of diabetes mellitus (DM), alcohol intake, salt in diet, parity, and age at first birth were not significantly related to age at menopause. An earlier menopause was associated with a history of hypertension, a lower body mass index (BMI), a younger age at enrollment and at last birth, current smoking, and more frequent exercise (p<0.1) ( Women with histories of hypertension or DM were found to have an increased risk of stroke, with cRRs of 2.13 (95% CI, 1.49-3.04) and 1.61 (95% CI, 1.01-2.56), respectively. Women who climbed more than ten stairs sometimes or often were at lower risk of stroke (cRR=0.52 and 95% CI, 0.35-0.78, in the ''sometimes'' group; cRR=0.43 and 95% CI, 0.30-0.62, in the ''often'' group). No significant changes in the cRRs of stroke were found for; age at enrollment, BMI, smoking status, alcohol intake, salt diet, parity, age at first birth, or age at last birth.
After adjusting for age at enrollment, physical activity, and history of hypertension the aRRs for all strokes were 1. 
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p value* nopause at age <40, 40-44, 45-49, and ≥55 yr, respectively. Further adjustment by age at last birth, BMI, smoking status, and history of DM did not substantially change these estimates (data not shown). The aRR of all strokes was 1.00 (95% CI, 0.97-1.03) for single-year increase interval of age at menopause. For classifiable cerebral infarction and hemorrhagic stroke, no significant changes in aRR were observed in the different age at menopause categories. However, aRRs showed a significant increasing tendency on increasing age at menopause with respect to hemorrhagic stroke (Table 2) .
After adjusting for age, a history of hypertension, and physical activity, the aRRs of all strokes among those with a time since menopause of 21-30 or >31 yr were 1.08 (95% CI, 0.69-1.71) and 1.09 (95% CI, 0.53-2.24), respectively. Also, no significant changes were observed in aRRs of cerebral infarction or hemorrhagic stroke among the higher categories of time since menopause.
For the five age at menopause groups (<40, 40-44, 45-49, 50-54 and ≥55 yr), the time intervals between age at menopause and strokes were 29.7±0. 4 
DISCUSSION
In this prospective cohort study, we found no significant association between a younger age at menopause and a higher risk of stroke or of cerebral infarction among women ≥65 yr old who experienced a natural menopause and had never used postmenopausal hormone.
Women who had experienced younger age at menopause and a stroke before reaching 65 yr old were excluded from this elderly cohort. This might have resulted in no significant association between a younger age at menopause and a higher risk of stroke. However in a 20-yr study of 35,616 women aged 30 to 50 yr, age at natural menopause was not found to be significantly associated with stroke (6) .
Because the proportion of women with a younger age at menopause was smaller in our study than in previously reported studies (1.5% vs. 2.4-4.5% and 7.5% vs. 10-11%, for age at menopause of <40 yr and 40-45 yr, respectively) (7-9), the association between a younger age at menopause and a higher risk of stroke might not have been significant. However, in studies with a higher proportion of women with a younger age at menopause, age at natural menopause was found not to be significantly associated with cardiovascular mortality (7, 8) .
The risk of cardiovascular mortality due to early menopause has been reported to decrease with increasing biological age (7, 9) . However, as the mean age of subjects in the present study was older than those of previous studies (7, 8) , this association between an early menopause and stroke risk might not have been significant. The statistical power of the present study was high, 97.7% (Z , -1.99). In a previous autopsy-based study, degree of atherosclerosis was found to rise steadily with increasing biological age (18) , however, no association was found between atherosclerosis severity and age at menopause.
Menopause and early menopause were found to be associated with the presence of carotid atherosclerosis in two casecontrol studies (10, 19) . However, in several large-scale prospective studies with a long-term follow-up, age at natural menopause was not found to be associated with the risk of stroke (6) (7) (8) 20) . Recently, the Heart and Estrogen/Progestin Replacement Study (HERS) found no overall reduction in the risk of stroke among those administered estrogen plus progestin in a randomized, blind, placebo-controlled trial among postmenopausal women with coronary heart disease (21, 22) . Hormone replacement therapy was found to be asso- ciated with an elevated risk of ischemic stroke (23) . It was also reported that long-term hormone therapy increases platelet activation significantly and that this may contribute to thromboembolism development (24) .
We observed that the aRRs of hemorrhagic stroke showed a significant increasing tendency as age at menopause increased. A case-control study showed a significant association between a younger age at menarche and higher risk of intracerebral hemorrhage or subarachnoid hemorrhage (25) . And, the case-controlled study found that the risks of intracerebral hemorrhage or subarachnoid hemorrhage are significantly higher in women with an age at menopause of 47-49 yr than in women with an age at menopause of ≤46 yr. Moreover, a longer exposure to estrogen may be associated with a high risk of hemorrhagic stroke. However, 73 cases of stroke were unclassified in the present study. Thus the rate of cerebral infarction or hemorrhagic stroke determined by the present study might have been lower than the true rate, and the reliability of our results on the associations between cerebral infarction or hemorrhagic stroke and age at menopause or time since menopause might be limited.
In the present study, increased time since natural menopause was not found to be associated with a higher risk of stroke. Moreover, natural menopause causes a gradual, rather than an abrupt, decline in estrogen production (6) . And, the risks of cardiovascular mortality or total mortality, including stroke, due to early menopause have been reported to show a decreasing trend vs. biological age (7, 9) . Thus an increase in time since menopause may not be associated with a risk of stroke. However, in the present study, we were unable to assess the risk of stroke in those with a time since menopause of ≤10 yr. Further study is warranted to determine stroke risk in women during the decade following menopause.
The times between menopause and stroke onset seemed to increase with decreasing age at menopause. The sums of mean ages at menopause and the mean times between menopause and stroke onset fell in the range 70 to 74 yr for all five age at menopause groups (<40, 40-44, 45-49, 50-54, ≥55 yr). This result indicates that age at menopause is not associated with the risk of stroke.
The proportion of women with a biological age of ≥80 yr was larger among non-participants in the present analysis, probably because women of this age were unable to respond to the questionnaire due to illiteracy, disease, or indifference. Moreover, elderly women above 80 yr that had experienced a stroke might have been unable to complete the questionnaire. Thus the incidence densities of stroke in this study may have be underestimated.
The accuracy of the present study in terms of assessing risk factors may be limited by the use of a questionnaire approach as compared with direct blood testing or physical examinations. Some women at risk of stroke did not realize that they had risk factors. The presence of hypercholesterolemia was not investigated in this study.
In the present study, we reviewed the medical records of only those stroke cases treated at conventional hospitals in Busan, and thus we cannot comment on those treated at hospitals in areas other than Busan or on those that received traditional (oriental) medical care. Thus, we might have included false positive cases among stroke events. However, after excluding probable cases our results were virtually the same as those obtained when probable cases were included. Our study also has the limitation that it did not examine the association between stroke risk and age at natural menopause in women younger than 65 yr.
In summary, we found no significant association between the risk of stroke for any cause or the risk of cerebral infarction and a younger age at menopause or time since menopause, among women over 65 yr of age who had experienced a natural menopause and had never used hormone therapy. For hemorrhagic stroke, we observed a significant tendency for aRRs to increase as age at menopause increased. Further study of the possible associations between the risk of stroke and a younger age at menopause, or time since menopause among women younger than 65 yr, is warranted.
